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Abstract
The recent growth in telecommunication networks and the rapid developments in e-
commerce are enabling people to participate in a wide variety of travel-related activities
without traveling. Existing urban transportation models do not adequately consider the
impacts of Information Technology (IT), particularly e-commerce, on travel demand,
primarily due to lack of behavioral data. This research proposes and develops a prototype
of a new generation of data collection tools that can be used to collect travel behavior
data, required for modeling the impact of emerging IT on travel behavior.
In this thesis, a multimedia web-based laboratory is developed to collect data on travel
and telecommunications behavior. The laboratory uses the concept of Information
Acceleration (IA), which is a state of the art data collection method that increases the
reliability of Stated Preference (SP) data. A traditional SP survey instrument provides
only a brief and inflexible description of the scenario of interest, such as products
available, choices, etc. The idea behind Information Acceleration is to transport
respondents into a realistically simulated future scenario using a multimedia computer
environment and then collect data on individuals' preferences. Thus, IA provides
improved realism and also greater flexibility in the manner in which scenarios and survey
questions are presented.
A framework of the combined travel and telecommunications model is presented along
with a description of how the data collected from the laboratory can be utilized with
existing surveys to estimate this urban transportation model. The basic concepts of IA are
explained and a brief description of the prototype of the laboratory is provided. The
laboratory has primarily been used to study the impact of e-commerce on travel demand.
However, it also provides a flexible and open environment for researchers and
practitioners to collect data specific to their needs. Finally, data from a preliminary run on
a prototype version of the laboratory is presented and analyzed.
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Thesis Supervisor: Mithilesh Jha
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Chapter 1
Introduction
1.1 Background
The new developments in information and communication technologies are having a
dramatic impact on the way in which people conduct their lives. People want to and need
to participate in a wide variety of activities, including work, shopping, banking, and a
host of leisure activities. The rapid advancement in technologies is allowing people to
participate in these activities with reduced or no travel.
The potential of the impact of telecommunication technology on travel behavior has been
perceived for a long time. The infiltration of computers and Information Technology (IT)
into the workplace, along with the energy crisis of the 1970s, triggered the exploration of
the potential of telecommuting and teleconferencing to reduce travel and hence
consumption of energy. The 1980s saw the emergence of the Personal Computer (PC),
which made technology accessible in many more households. The 1990s have been
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marked by a continuous proliferation of IT, with e-mail, the Internet, mobile services, and
now e-commerce and e-business. It was often predicted that the wider application of
these technologies would lead to a reduction in the amount of travel, causing traffic jams
to reduce considerably.
Despite these forecasts, it has been observed that the Information Revolution has not been
accompanied by a substantial decrease in travel. On the contrary, surveys like the US
Nationwide Personal Transportation Study (Mokhtarian, 1999) indicate that vehicle-
distances per capita are growing. This could be attributed to the fact that e-commerce
may not just substitute travel, but it may also complement it. E-commerce has also helped
in the dissemination of information, as it has enabled people to learn about products and
services that they might not have earlier known about. It is very likely that this additional
information may have induced consumers to travel to purchase products, and hence e-
commerce can actually generate travel.
Visibly, the relationship between information and telecommunication technologies, and
travel is not simply one of substitution, but is far more complicated. For researchers who
are interested in understanding travel behavior, as well as for planners and policymakers
who are interested in forecasting trends, evaluating alternatives and making public
policies, it is important to explore this complex relationship. This need calls for the
development of a new generation of urban transportation models that model the impact of
emerging IT on travel behavior to account for the above-mentioned complex relationship.
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1.2 Research Motivation
Urban transportation models do not adequately consider the impact of IT (except
telecommuting) on travel behavior modeling, primarily due to lack of behavioral data.
Extensive research has been performed to collect data and model the impact of
telecommuting on travel demand (Bagley and Mokhtarian, 1997; Henderson et al., 1996;
etc.). However, with the recent explosion of e-commerce and e-services, transportation
researchers are beginning to look beyond telecommuting and are examining the impact
that other aspects of telecommunications, such as e-commerce, may have on travel
demand. The studies to date have been conceptual and framework-oriented, because the
available data on the impact of e-commerce and e-services on travel demand has been
insufficient to develop and estimate models.
The data that is available for telecommunication behavior is either in the form of
aggregate statistics, which are too coarse to model disaggregate behavior, or from
traditional and/or specialized SP surveys, which are difficult to extend to a
comprehensive urban transportation model. While it is possible to collect data on
telecommunications behavior within the framework of a travel and activity survey (e.g.
the 1998 Swedish Household Survey), such surveys are expensive, time-consuming and
restrictive in terms of the structure of the survey form and questions. The need for a
flexible data collection tool to adequately examine the role of IT in travel demand is the
motivation behind the development of the web-based laboratory.
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1.3 The Web-Based Laboratory
This research attempts to overcome the problem of lack of data to study the impact of e-
commerce on urban transportation models, by creating an innovative laboratory to collect
data that is not available from existing sources. The aim is to develop a multimedia web-
based laboratory to collect data on travel and telecommunications behavior. The web-
based approach is an inexpensive and efficient one to collect data as compared to a
traditional SP survey. The multimedia aspect allows great flexibility in the manner in
which scenarios are presented to the respondents and in which survey questions are
asked. The framework for the web-based laboratory, developed as part of this research, is
shown in Figure 1.1. The features and components of the laboratory are explained in
detail in Chapter 4.
Several types of data are collected in the laboratory. First, Revealed Preference (RP) data
on an individual's actual travel, activity, and telecommunications behavior for a typical
day is collected. This is similar to the travel and activity diaries that have been collected
in metropolitan areas such as Portland, Oregon (Cambridge Systematics, 1996) and
Boston, Massachusetts (Bowman, 1995). However, a key addition is the information on
telecommunications behavior (e.g. e-purchases, e-banking, e-mailing, tele-working). Data
on the personal and household characteristics of the respondent is collected, along with
information on the availability of telecommunications equipment and services at home
and work. Data on the respondent's knowledge of the technology and amount of usage is
also elicited.
16
Information Accelerator
Information Acquisition about the future
Activity & Travel options Sources providing
in future scenarios fute evces
Subjects learn about the future scenario by consulting simulated
sources of information, including:
brochures
print, television, and web advertisements
word-of-mouth
product displays
demos
showrooms
Subjects choose which information sources to consult, in what order,
and for what amount of time
Post-Accelerator Surveys
Anticipated activity, travel and communication
behavior as a result of future scenarios
Figure 1.1 Framework for the Web-Based Laboratory based on Information Acceleration
Second, Stated Preference (SP) data is collected on the individual's use of e-services and
its impact on his/her travel behavior. A traditional SP survey instrument would only
provide a brief, canned description of the scenario of interest (products available, choices,
etc.). However, the multimedia lab is different in that it uses the concept of Information
Acceleration (IA). Unlike the SP approach in which all the respondents are provided with
identical information, the IA approach is more realistic as it allows the respondents to
search for information before they make a decision.
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Pre-Accelerator Survey
Personal & Household Characteristics, including:
- Communications equipment and services at home/work
- Travel, communications, and activity diary for a given day
The idea behind Information Acceleration is to transport respondents into a realistically
simulated future scenario using a multimedia computer environment, and then collect
information about individuals' preferences. In the simulated environment, respondents
learn about the future scenario and conduct information searches about various e-products
and e-services. Information sources on e-products and e-services that are typically
available to individuals in a real market are included in the simulator, e.g., brochures,
web and print advertisements, television commercials, word-of-mouth conversations as
well as product displays, demos and showrooms. The individual can choose which
information sources to consult, in what order, and for what amount of time. Competition
is also simulated; respondents may obtain information about competing products and
services and make a choice among them. Thus, the laboratory can be used to collect
preferences regarding e-services and to study the impact of their usage on travel behavior.
The concept of Information Acceleration is further discussed in Chapter 3. Glen Urban
and colleagues at MIT developed this concept in 1992. Initial experiments and validation
tests of IA have shown impressive results in terms of accurately forecasting the
penetration of new products (Urban et al., 1997).
1.4 Contributions of the Thesis
The primary contribution of the thesis is the development of a prototype of a new data
collection tool that can be used to collect travel behavior data effectively and
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economically. This data collection tool is innovative in design and has the potential to
contribute to transportation research in the following areas:
" Traditional travel and activity surveys collect information on travel behavior
alone, with minimal consideration of the increasing reliance on Information
Technology and its impact on travel demand. This laboratory can collect data on
telecommunications behavior as well as on travel and activity behavior. In this
thesis, the laboratory has been used to collect data that is required to model the
impact of e-commerce on travel behavior.
" In this research, the laboratory is used only to study the impact of e-commerce on
travel behavior. However, the laboratory has a flexible and open environment, and
can be used by researchers and practitioners to collect data specific to their needs.
The laboratory provides a template, which can be adapted for different
applications with relative ease. The application of the prototype to study the
impact of e-commerce on travel behavior simply illustrates the effectiveness of
this technique as a data collection methodology.
* The laboratory allows collection of user responses to hypothetical situations that
do not exist today. This is invaluable to planners and policymakers who need to
design travel policies for the future. The flexibility of this laboratory allows
researchers to collect data on user responses to various scenarios in the future.
This would provide them with much needed insight into travel behavior in the
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future that can be used to make better public policy decisions. This would also be
very useful for market research analysts who want to collect data to make pre-
market forecasts about new transportation-related products.
" The laboratory uses a web-based approach to collect data. This state of the art
approach allows data to be collected economically, easily and quickly, as
compared to traditional surveys.
" As explained, the laboratory uses the concept of IA, which is superior to
traditional SP methods. IA provides improved realism and greater flexibility in
the manner in which scenarios and survey questions are presented. The
advantages of IA over traditional SP methods are explicitly outlined in Chapter 3.
1.5 Scope of the Thesis
The long-term objective of this research is to develop a new generation of urban
transportation models that explicitly represent the impact of telecommunications and the
Internet (including e-commerce, e-services, e-business, and tele-working) on travel
demand. The models will incorporate the role of telecommunications in the broader
context of activity participation and scheduling and will explicitly model the relationships
between the telecommunications options and the transportation network.
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This thesis lays the foundations for the above work by developing a prototype that can
easily be adapted to collect data to estimate the above models. The framework to
incorporate the data into the activity models is also explained. However, the emphasis of
this prototype is to collect data to investigate the potential impact of e-commerce (e-
finance and e-shopping) on travel choices. Data collected will include an individual's
actual travel and telecommunications pattern for a given day and stated preferences in
response to futuristic e-commerce scenarios simulated in the laboratory. Data from a
preliminary run is collected and analyzed. The scope of this thesis includes the
presentation of the framework of the combined travel and telecommunication model, the
development of the prototype of the web-based laboratory and an initial test of the data
collected.
1.6 Thesis Outline
Chapter 2 discusses the framework of the combined travel and telecommunication model
and the manner in which data obtained from the laboratory can be used to estimate such
models. Chapter 3 describes the concept of Information Acceleration and its utility as a
data collection methodology. Chapter 4 describes the prototype of the web-based
laboratory in detail, including its various features. The generic features of the laboratory
are also explained in this chapter. Chapter 5 presents the analysis of data collected from a
test run of the simulator. Chapter 6 summarizes the findings of this thesis and discusses
future directions of research.
21
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Chapter 2
Travel and Telecommunications Behavior
2.1 Literature Review
The area of travel and telecommunications is relatively new, and is being actively
researched. The rapid changes in Information Technology and its increasing impact on
people's lives, and hence their travel patterns, is challenging researchers to develop new
urban transportation models. Transportation planners in the past have suffered because
they could not foresee social and technological changes that caused their forecasts to be
less accurate than anticipated. As stated before, the interaction between travel and
telecommunications is more complex than mere substitution, and hence we need to
further explore this complex relationship in order to develop urban models.
The major part of transportation research in the field of telecommunications and travel
has focused on analyzing telecommuting behavior. Extensive research has been
performed to model the impact of telecommuting on travel behavior. Varma et al. (1998),
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and Bagley and Mokhtarian (1997) developed models that describe the factors
influencing the tenure and duration of participation in a telecommuting program.
Mokhtarian (1998) presented an aggregate model of the travel reduction from
telecommuting, which considers non-work trip generation, residence location, latent
demand, and demand induced by telecommunications technologies. Henderson et al.
(1996) used travel diaries from the Puget Sound Telecommuting Demonstration Project
to calculate emission reduction due to telecommuting. Bernardino (1995) and Bernardino
and Ben-Akiva (1996) examined the factors that made employers more likely to take
advantage of telecommuting programs. Kitamura et al. (1990) studied the impact of
telecommuting on travel demand for the state of California.
The enormous growth of e-commerce and e-services in the last decade has made
transportation researchers look beyond telecommuting at other tele-services. For
example, Boghani (1991), Niles (1994), Mokhtarian (1999), and Salomon (1998) looked
at the impact of e-commerce, tele-shopping, tele-work and telematics on travel demand.
Mokhtarian (1999) presented an empirical analysis of the alternate directions in which the
study of the impact of e-commerce must be conducted. The paper explicitly states that the
current understanding of the impact of e-commerce and tele-shopping is limited. Niles
(1999) looked beyond telecommuting and presented a framework for the potential impact
of tele-shopping, tele-work and telematics on travel behavior. These studies were
empirical and framework-oriented, because there was very little data to develop models
to study the impact of e-commerce and e-services on travel demand. Koppelman et al.
(1991) collected data to develop a choice model for forecasting the use of tele-shopping.
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However, in their study shopping was defined as the activity of gathering information
that preceded the purchase decision, and hence the focus of attention was on consumer
shopping behavior rather than on travel behavior.
Most of the data that is available is aggregate and hence cannot be used very efficiently to
model disaggregate behavior. Disaggregate data is available from traditional and/or
specialized Stated Preference surveys (Bernardino, 1995), but does not contain
information on the impact of Information Technology on travel and hence cannot easily
be extended to a comprehensive urban transportation model. A notable exception is the
1998 Swedish Household survey, which collected information on non-work
communications and travel behavior using travel diaries (SIKA, 1998).
It is clear from the literature review that there is a great need for urban transportation
models to understand the impact of e-commerce and other emerging telecommunications
services on travel. However, there is very little data to estimate and validate these models.
The aim of this thesis is to develop a data collection tool to help solve this problem.
2.2 Framework for Travel and Telecommunications Behavior
In order to collect data on telecommunications behavior to be used in urban transportation
models, it is important to understand how telecommunications relates to travel demand. A
framework for the decisions relevant to travel demand is presented in Figure 2.1. The
behavior is broken down into hierarchical decisions that occur over different time periods
25
and have multiple dimensions. At the higher level of the hierarchy are long-term mobility
and lifestyle decisions, including residential and workplace location, as well as long-run
travel decisions such as purchase of autos and transit passes. The IT-related behavior that
is important at this level is the decision to purchase telecommunications equipment (e.g.,
computers, mobile phones, fax machines) and to subscribe to telecommunications
services (e.g., Internet service providers). These long-run decisions impact day-to-day
decisions of how the equipment and services are used.
Urban & Telecommunications Development -------- I--
Mobility and Lifestyle
Location Decisions and Primary Activities
- Residential location
- Workplace location, work hours and tele-work pattern +----
Travel and Telecommunication Capabilities
- Travel: vehicle ownership and transit passes
- Telecom: communications technology and services
A
Activity, Travel, & Communication Scheduling
Activities: Type, frequency, timing
Mode: Traditional modes (auto, transit, walk, etc.)
- location: geographic
Virtual modes (internet/web)
- location: access computer & dest. computer (url)
Performance of the Transportation and ________I
Telecommunications System
Figure 2.1 Travel and Telecommunications Behavior
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At the lower level of the hierarchy are the day-to-day activity participation and time
allocation decisions. These include the types and frequencies of activities, as well as the
manner in which these activities are accessed, such as sequence, timing, and mode.
Telecommunications introduces a new virtual mode, which can substitute and/or
complement travel modes such as auto and transit. This virtual mode explicitly models
the hypothesis that telecommunications serves as an alternate mode to travel.
The framework also shows urban and telecommunications development affecting
individuals' decision-making as well as the effect of individuals' decision-making on the
performance of the transportation and telecommunications system. There are
interdependencies both among the different levels of the decision hierarchy as well as
within each level.
The proposed framework is an extension of the one suggested by Ben-Akiva et al. (1996)
for disaggregate model systems. With the exception of telecommuting, existing travel
surveys and urban transportation models have so far ignored the role of
telecommunications in this behavioral process.
2.3 Modeling Travel and Telecommunications Behavior
As stated before, the long-term objective of this research is to develop a new generation
of urban transportation models that explicitly represent the impact of telecommunications
(including e-commerce, e-services, e-business, and tele-work) on travel demand. The
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models will incorporate the role of telecommunications within the broader context of
mobility decisions and activity participation and scheduling (as presented in Figure 2.1)
and will explicitly model the relationships between telecommunications and the
transportation network.
There has been a lot of research on activity-based travel demand theory and models.
These models are based on the most fundamental and well-known principle that travel
demand is derived from activity demand. That is, people want and/or need to participate
in a wide variety of activities, and these activities are spatially distributed. In order to
participate in these activities, spatial separation must be overcome by the use of either the
transportation network (car, bus, etc.) or the telecommunications network.
The web-based laboratory proposed in this research collects data on activity behavior
using the Internet. The ease and quickness with which data can be collected using the
Internet has motivated several researchers to use it to collect data on travel and activity
behavior. McNally (1997) and McNally et al. (2000) use a prototype computer-based
household activity survey program that has been converted to Java and integrated with a
Geographic Information System (GIS) for use on the Internet. Survey participants record
planned activity agendas and then update and schedule them on a daily basis. The
information collected is used to examine the behavior processes that result in revealed
travel behavior. Lee (2000) uses data collected from a GIS-based household survey on
the Internet to build a production system model of household activity scheduling.
Researchers are gradually realizing the advantages of using the Internet as a data
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collection medium, and it is anticipated that an increasing number of activity surveys in
the future will use the Internet as the prime medium.
2.3.1 The Day Activity Schedule Model
An urban travel demand model developed at MIT, called the Day Activity Schedule
Model incorporates the concept of activity-based travel demand (Ben-Akiva, Bowman
and Gopinath, 1996; Ben-Akiva and Bowman, 1999). It was first developed as a
prototype for the Boston metropolitan area. This is an activity-based discrete choice
model system, which models individuals' activity and travel patterns throughout a day
(Figure 2.2). The key features of this model are:
" The model system explicitly represents total daily demand, trip chaining, timing,
sequencing, and mode and destination choices.
" The daily activity pattern is characterized as a multidimensional choice of primary
activity, primary tour type, and number and purpose of secondary tours.
" It models destination, time-of-day and mode for both primary and secondary
tours.
e The model is implemented as a Nested Logit system, with tour decisions
conditional on the choice of daily activity patterns.
This system is now being implemented to evaluate transportation investments and
policies in Portland, Oregon (Bowman et al., 1999).
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Figure 2.2 The Day Activity Schedule Model
The Day Activity Schedule Model is estimated using data from Travel and Activity
Diaries, in which individuals record all of their travel, activity, and scheduling behavior
for a single day. While several metropolitan areas in the U.S. have conducted such
surveys, existing surveys have minimal (primarily tele-work) to no information on
telecommunications activity. Therefore, implementations of the Day Activity Schedule
Model with available data are unable to include the role of Information Technology in the
travel and activity process. However, if the data existed, the framework exists to integrate
the telecommunications network into the model. Conceptually, this would be performed
by modeling the telecommunications network as another mode - the virtual mode. For
example, if someone chooses to do grocery shopping, he/she could travel to a store, use
one of the on-line shopping services (e-shopping), or combine a store visit with online
shopping.
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Daily Activity Pattern
- primary activity
- primary tour type
- number and purpose of
secondary trips
I I
Primary & Secondary Tours
- primary and secondary destinations,
times of days and modes
Travel data collection has evolved from simply recording the time, number, location and
mode of trips, to obtaining descriptions of activities at the destinations, and further to
obtaining some details about at-home activities. The recent interest in e-commerce
highlights the need to incorporate the use of telecommunications technologies in travel
diaries. The advantage of the Day Activity Schedule Model approach is that it requires no
assumptions on whether transportation and telecommunications are substitutes or
complements. Instead, telecommunications is just regarded as a virtual mode to complete
the various activities scheduled throughout the day.
In the web-based laboratory, travelers are asked to record information about all their
activities, including those using telecommunications technology. Just as travel to an
activity may be described by the mode used to reach the place of activity, the means of
communication used (e.g. phone, Internet using e-commerce, fax, etc.) is recorded to
describe other activities. The estimated model would predict activity schedules resulting
from the alternative transportation and telecommunications network, and therefore would
reveal the extent to which transportation and telecommunications are substitutes or
complements, or if they interact in a more complex fashion.
The key aspect of the Day Activity Schedule Model System is that, through the
interdependencies of all activities in a day, it is possible to predict the impact of a
particular choice on the other aspects of the day schedule and vice-versa. However, to
estimate this model, data is needed, which is not readily available. The need for this data
is the basis of the web-based laboratory.
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2.4 Summary
This chapter presented the proposed framework of the combined model of travel and
telecommunications behavior and emphasized the lack of data to estimate this urban
transportation model. The manner in which the structure of the Day Activity Model
System can be adapted to this framework is also shown. Hence, the framework exists to
develop models that can effectively utilize the data collected from the web-based
laboratory. The next chapter presents the concept of Information Acceleration, the
simulation technique used in the prototype of the multimedia web-based simulator.
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Chapter 3
Simulation Methodology - Information Acceleration
3.1 Information Acceleration
The web-based simulator is based on the concept of Information Acceleration (IA) - the
acceleration of information availability and acquisition from a future context to the
present. It enables respondents to experience via a simulated multimedia environment
those activities that are associated with a decision process for a future scenario. In the
simulated environment, respondents learn about future scenarios just as they would
normally acquire information, namely by reading newspaper articles, watching TV,
viewing advertisements, talking to others, and visiting showrooms and web sites. The
respondents are presented with these sources of information and they are able to search
for information as realistically as they would in a real market. They are able to select the
number of sources to search, the order in which to search them, and the time spent on
each source. For the purpose of this research, data is collected on user response to a wide
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range of potential e-commerce services that may be available to consumers in a future
context.
Future e-commerce offerings are simulated to represent a future market environment.
Thus the technologies (e.g. 3-D visuals, voice recognition, etc.) expected to be available
in the future are specified, and the information sources that provide information to
consumers in the future are simulated. This will enable respondents to interactively
search for information on future offerings. For example, in the web-based laboratory,
users can learn about a future e-finance innovation by reading a couple of newspaper
articles, seeing an advertisement or listening to a few people who have had some
experience with the service, just as they would in a real market environment. The intent is
to simulate a realistic future environment where users can learn as much about future e-
commerce products and services as they would in a real market. The respondents are then
asked to plan their travel/activity schedule according to their experiences in the simulated
environment.
The key to this web-based laboratory is that people have realistic information available to
them, and they have control over what sources to search, and how long to search each
source. In fact, they do not have to acquire any product information if they choose not to.
The time that they spend searching for information will depend entirely on their interest
and availability of time. In real-life, the freedom with which people pursue information
search leads to a large variance of levels of knowledge among users. The laboratory will
simulate that effect. Traditional SP surveys (in which respondents are part of an
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operational test) normally contain responses only from those consumers who have a high
level of knowledge of the products. Also, the fixed amount of product information
available in Stated Preference surveys, which is uniform across all respondents, results in
a small variance of knowledge among the sample.
3.2 Literature Review and Initial Validations
Glen Urban and his colleagues developed the concept of IA in 1992 (Weinberg, 1993;
Hauser et al., 1992; and Urban and Hauser, 1993). Faced with the need to revitalize
themselves through new products, many companies were exploring ways to make their
new product development process more effective and efficient. One aspect of their efforts
was to better understand and forecast consumer response. This led to an exploration of
the ability of multimedia computers to represent products, people and situations.
There was a strong interest in the use of multimedia stimuli to collect data to forecast
consumer response to new products. The idea was that if forecasts based on multimedia
representations were sufficiently accurate and provided sufficient diagnostic information
for product improvement, then products could be developed in lesser time with minimal
risk and greater potential for profit. The simulator was used to test new consumer durable
and business-to-business products. For example, Urban, Weinberg, and Hauser (1996)
created a virtual showroom of electronic vehicles and provided information using
television advertising, virtual newspapers and word-of-mouth conversations, all using a
multimedia computer.
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Product MultimediaActual EventRepresentation
Sports Car Multimedia Showroom Real car and a real person
Multimedia representation Interaction with an actual
of human interaction medical technician
New Camera Sales Forecast based on IA Actual sales
Table 3.1 Validations of Information Acceleration
The above table represents some of the other validations done by Urban et al. (1997). The
initial experiments and validation tests showed excellent results. Some of the salient
features of the validation tests were:
" The Information Acceleration simulator was sensitive enough to detect
differences among sources of information. Users gained more value from some
information sources than others and preferred some information sources to
others.
* The computer simulated retail outlets were valid surrogates for real-life outlets.
This impact of the information provided by multimedia simulation was similar to
that of information provided by real sources.
* The Information Acceleration simulator was sensitive enough to distinguish
between two similar products. The final purchase intents between two simulated
automobiles were significantly different.
The concept of IA was applied to the field of transportation by Walker and Ben-Akiva
(1996) and Walker (1994). They used the technique to understand consumer response to
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potential Advanced Traveler Information Systems (ATIS) for making better designs and
forecasts. The study focused on understanding the way in which consumers learned about
ATIS, and developed their perceptions, and how these stages made an impact on their
decisions to purchase ATIS products.
3.3 Review of other Information Simulators
It is difficult for consumers to accurately recall the information acquisition process. Thus,
a great deal of research has been performed to simulate and study the information
acquisition stage of a consumer decision process. Most of the simulators use a computer
to present consumers with a choice of information to acquire, to elicit response and to
collect data. Besides IA, there are three important simulators. These are
" Information Display Board (IDB)
" Mouselab Simulator
" Search Monitor
3.3.1 Information Display Board (IDB)
Information is stored as a matrix, with rows and columns being identified by attributes
and brands (Jacoby et al., 1978; Lehmann et al., 1980; Hoyer et al., 1982; and Painton et
al., 1985). Respondents can view one brand at a time, and all the other information is
concealed. The matrices are mostly 2-dimensional, though there have been a few studies
with information as the third dimension.
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3.3.2 Mouselab Simulator
The Mouselab simulator is primarily used to determine the information search and
decision strategy used by the respondent (Johnson et al., 1989a, 1989b and 1988; and
Payne et al., 1988). Respondents can choose the piece of information that they want to
view, one at a time. The simulator can only be used to study the order in which people
process information and the manner in which it impacts their decisions. It cannot be used
to research the way in which people choose how much information to acquire, and how
the amount of information impacts their decision.
3.3.3 Search Monitor
The aim of the Search Monitor is to facilitate research on consumer information search
and decision-making, by providing a more complete simulation of a purchase (Brucks,
1988). Successive monitor screens are presented to the respondents conditional on
selections from previous screens. The successive menus form a tree, in which there is a
hierarchy of decision-making (e.g. choosing the store, the brand and then the attribute).
The information is provided through different sources using multimedia technology and
contains details of products and their attributes.
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3.3.4 Comparison of the Simulators
The Information Accelerator Simulator was found to be the most useful because of the
flexibility with which respondents could search for information and the use of multimedia
technology to provide more realistic sources. The relative advantages and disadvantages
of the Information Simulators are listed in Table 3.2.
Table 3.2 Comparison of different Information Simulators
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Simulator Advantages Disadvantages
E Presentation of information is
DB Easy and inexpensive to use. highly restrictive.
* Can be used in a wide range of 0 Not realistic as it highly
settings. simplifies information search.
0 Does not represent the market
Mouselab 0 Very easy to program. realistically.
Simulator 0 Useful to test behavior theory 0 Cannot be used to study the
of information acquisition. amount of information acquired
by the respondent.
* Represents the market in a more
realistic manner than IDB orSearch Melb. m Tree format imposes rigidity on
Monitor Mthe search process by the
0 It has a more flexible respondent.
environment.
0 Similar to Search Monitor.
* Simulates more realistic Assumes a linear decision
IA mnformation sources. process, which is not always
* Distinguishes between different true.
information sources and
different products.
3.4 Framework of Information Acceleration
This section outlines the framework of the Information Acceleration simulation process.
It is based on the relationship between awareness and choice. The choice of people's
travel patterns is dependent on the awareness and accessibility of telecommunications
facilities. Someone who does has not have access to computers or is unaware of e-
commerce is more likely to travel to purchase clothes than to buy them online. The
framework for modeling awareness and choice is that people search for information, they
gradually acquire information, and they update their knowledge and perceptions of e-
products and e-services (Figure 3.1). Knowledge and perception then influence the
person's decision. The intent of the Information Acceleration methodology is to simulate
this process.
Search for Information
Knowledge and
Perception
Choice
Figure 3.1 Framework of Access and Choice
The framework of Information Acceleration, shown in Figure 3.2, is divided into four
sections. These sections are explained with reference to the usage of e-commerce.
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Personal Attitudes Travel Product Market / Info
Characteristics Characteristics Attributes Sources
Initial
Perception
Information Search
Inactive Search
Updated Perception
Active Search
Updated
Perception
Choice
Decision on a travel mode or e-commerce to
perform the activity
Figure 3.2 Framework of Information Acceleration
3.4.1 Initial Perception
At the beginning of the information search, users have some initial perceptions about e-
commerce products and services. This depends on their experience and background.
Hence, their choice of telecommunications or travel is based on their perceptions. Their
behavior based on initial perception can be modeled using five sets of Explanatory
Variables.
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e Personal Characteristics: such as income, auto ownership, availability of
computers at home and experience with electronic equipment.
e Travel and Telecommunications Characteristics: such as the amount of time
spent per week traveling by car, current use of e-commerce facilities, use of
public transportation and flexibility of travel patterns.
" Attitudes: such as opinions on new products, loyalty to different
banks/shops/companies, opinions on the utility of e-commerce, and their
perception of the usefulness of the time saved by using e-commerce.
" Products Attributes: such as e-commerce services and facilities available on the
Internet, cost of services, security features, user-friendliness, and web site
characteristics. Products that don't currently exist can also be simulated.
" Marketing/Information Sources: such as information sources available in the
market, the information contained in these sources and the marketing plans of the
suppliers.
3.4.2 Information Search
At some point the user becomes aware of the e-service or e-product through one of the
information sources on the product. They might see a television advertisement of an e-
commerce company or hear about it from a friend. Once they are aware of the product,
users can be in one of two information search stages - inactive search or active search.
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3.4.2.1 Inactive Search
The inactive search stage corresponds to the stage in which consumers are aware that a
product exists but make no effort to learn more about it. They may come across
information about a product or service in the course of their daily activities but they need
not assimilate the information, and the time spent on the information source is entirely in
their hands. For example, they will not make an effort to check up the company's web
site or speak to someone who has used the product before, but could come across the
product's advertisement in the newspaper and hence gather information.
Due to the inactive search, the user may have gained more information and his initial
perception may have been updated. For some people, this updated perception may be
enough to make a choice. For example, a person could have accidentally seen an
advertisement of an e-shopping service and changed his travel plans and bought the
goods online. However, for most people the information collected from inactive search is
not enough to make a decision. Either it does not affect them at all, or it interests them
enough to look for more information. This leads them to actively seek more information
on the product or service needed.
3.4.2.2 Active Search
The information that users collect through the process of inactive search might make
them interested in the e-product or e-service. They then actively search for information
from the different information sources available. The active search simulates the case
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when consumers are interested enough in the product to make a more concerted effort to
obtain more information. In active search, respondents choose to look for more
information and hence decide to spend more time looking for information. They have
control on the products that they seek information on, the type of information sources that
they choose to look at, and also on the time and effort that they spend on any information
source. For example, in the prototype, users could seek information from different
sources such as advertisements, newspaper articles, television commercials, word-of-
mouth, web advertisements or even a mock simulation of the showroom. To simulate
active search, the users are provided with different information sources on the product,
and they can search any source that they like, and for the duration of time that they wish
to. At any stage of the active search, the users may decide that they have enough
information and would like to make a decision. Hence, they are given the option of
quitting the active search process at any stage of the search.
3.4.3 Updated Perception
Consumers' perceptions are continuously updated throughout their information search.
Their perception is updated after inactive as well as active search, if they choose to
actively search for information. Though the update of perception is a continuous process,
it is modeled as a discrete process, at three stages - once before the simulation begins,
once after inactive search and finally after active search. The updating is simulated by
collecting data at the three stages and gauging the updated perceptions of the respondent.
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3.4.4 Decision
Once all the information is collected, users can decide if they would like to use any e-
product or e-service instead of travel, and also which particular product they would like
to use. For example, users can choose between traveling to the bank and online banking.
The final choice could be modeled as a discrete choice model.
3.5 Advantages and Disadvantages of IA
This section enumerates the advantages and disadvantages of using the Information
Acceleration simulation environment as compared to traditional Stated Preference
surveys.
3.5.1 Advantages
There are several advantages of the Information Acceleration environment. Some of the
key advantages are:
* The flexibility to analyze the awareness stage of the information search. People
get information from different sources, but some sources have a far greater impact
on choices than others do. The ability to analyze the information search process is
an advantage that IA provides over traditional Stated Preference methods.
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e The ability to obtain consumer responses to services and products not yet in
existence. This is very useful for planners and market research analysts. The tool
has been validated to prove that it is effective in forecasting responses to products
in the pre-market stage.
" The flexibility of design inherent in a simulated environment that gives survey
designers the facility to obtain data catering to their needs. This also allows a
realistic replication of the outside market by the use of effective technology.
e The ability to allow users to distinguish between different products as well as
different information sources.
3.5.2 Disadvantages
The primary disadvantage of the IA process lies in the fact that it assumes a linear search
process and a clear distinction between the inactive and active search stages. In real
situations, respondents may be switching between active and inactive searches (Urban,
1993). Hence, according the studies of Glen Urban, the model is more applicable for
short time intervals, e.g. a couple of years. Despite these disadvantages, the framework is
important because it underlines the fact that some information is acquired without
looking for it, and people have control over the type and amount of information they
seek. It also highlights the fact that the information acquired influences the decision
process.
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3.6 Summary
This chapter discussed the concept of the Information Acceleration simulation process
and also presented the framework of this technique. The web-based laboratory uses this
concept to collect data to study the impact of e-commerce on travel behavior. The next
chapter describes the prototype of the multimedia web-based laboratory developed as part
of this research.
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Chapter 4
Prototype of the Web-Based Laboratory
The aim of the thesis was to develop the prototype of a multimedia web-based laboratory,
based on the concept of Information Acceleration, to collect data on the impact of e-
commerce on travel behavior in a futuristic scenario. This chapter describes, in detail, the
prototype developed as a part of this research. The prototype implements the main
features of Information Acceleration described in the previous chapters and will act as a
reference for the future development of the web-based laboratory.
4.1 Description of the Scenario
This prototype was developed to study the impact of e-commerce on travel behavior in a
hypothetical scenario in 2002. It takes advantage of the ability of the Information
Acceleration technique to obtain valid responses to hypothetical scenarios in the near
future. The participants are made to believe that they are transported to the year 2002.
The two e-commerce services simulated are e-shopping and e-finance. These terms
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essentially mean the ability to do shopping (clothes, computer equipment, grocery,
furniture, etc.) and execute financial transactions (banking, online brokerage, insurance,
etc.) online using the Internet. These two services have been selected solely to
demonstrate the applicability of the proposed approach and hence other e-commerce
services could easily be incorporated in a similar fashion. The various simulated media
sources provide information on the anticipated e-shopping and e-finance services
scenario in 2002. Users are initially asked to state a recent activity related to
shopping/finance, which involved physical travel. They are then transported to the year
2002, and based on the information provided on the likely e-commerce facilities available
then, asked if they would like to use the new e-services instead of traveling to perform the
activity. An implicit assumption is that the transportation services do not really change
too much, as the time frame is only a couple of years. However, if the hypothesis is that
the transportation services will change dramatically; information on these services can
also be incorporated.
E-commerce is growing by leaps and bounds and is expected to have a greater impact on
people's lives and hence on their travel behavior over the next few years. The growth in
e-commerce has coincided with revolutionary advancements in software and hardware
technology. New technologies such as the Wireless Internet, handheld devices, voice
recognition, web TV, 3-D visuals, and intelligent computing will only make e-commerce
more affordable and accessible to people. Though e-commerce is widely expected to
grow in the fields of health, travel, education, etc., the highest growth in terms of
transactions is expected to occur in the fields of online shopping and finance (Forrester
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Research). The statistics below illustrate the anticipated impact of e-commerce on the
way people perform their activities.
1999 2003 (Expected)
U.S. new online shoppers (millions) 28.8 85
U.S. online shopping (billions) $20.3 $143.8
Worldwide e-commerce revenues (billions) $111 $1317
Worldwide Business-to-Consumer revenues (billions) $31 $178
Worldwide Internet users (millions) 290 600
(Courtesy Forrester Research)
Table 4.1 Anticipated growth in E-commerce transactions
Table 4.1 shows the dramatic global growth expected in the field of e-commerce. The
worldwide e-commerce revenues include revenues from transactions conducted both by
businesses and consumers. The business-to-consumer numbers are of a greater interest to
this research, as these indicate the revenues obtained from transactions conducted by
consumers over the Internet. As the number of transactions over the Internet increase,
people can conduct more and more activities without actually traveling. These statistics
show that in the coming years, e-commerce is anticipated to significantly impact travel
behavior. As e-commerce grows over the next couple of years, it is expected to evolve
into a viable alternative to travel to perform various activities. The aim of this laboratory
is to collect data to model this phenomenon.
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4.2 Outline of the Prototype
The prototype was developed as a multimedia web-based application (URL:
http://web.mit.edu/atul/www/welcome.html), which allowed everyone access to the
laboratory over the Internet. The outline of the prototype of the web-based laboratory is
shown is Figure 4.1. The figure depicts the various screens that appear in the laboratory
in the order of appearance. A brief description of the various screens is presented in this
section. A detailed description of the important features is provided later in the chapter.
The laboratory was designed such that the time needed to navigate the web site and to
answer the surveys would not exceed one hour. The sections in the laboratory in the order
of appearance are:
e Start Screen: This is the first screen of the web application and acts like a cover
page. The respondent can click on it to enter the laboratory.
e Welcome Screen: It gives the user an introduction to the web-based laboratory and
welcomes the user to the simulation process. It also gives the user a few
guidelines to answer Survey A.
" Survey A: This is the first survey that the user answers. This survey collects data
to capture the initial perception of the respondents, as discussed in Chapter 3.
" Introduction Screen: This screen begins the simulation process. It presents the
simulated scenario in 2002 to the respondent. It also introduces the user to the
concept of e-finance and e-shopping.
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Start Screen
Welcome Screen
- Introduction to the Laboratory
- Guidelines to Survey A
Survey A
Introduction Screen
- Introduction to the scenarios in 2002
- E-shopping and E-Finance in 2002
Inactive Search Screen
- Information on e-shopping and e-finance in 2000
- Respondents can choose how much time to spend, but not which sources to view.
Survey B
Active Search Screen
- Respondents can choose how much time to spend and which sources to view.
- They can choose among newspaper articles, word of mouth and advertisements.
- They can quit search at this point.
Articles Advertisements Word of Mouth Quit Search
End of Information
Search Screen
Survey C
End of the Simulation
Figure 4.1 Outline of the prototype of the Web-Based Laboratory
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" Inactive Search Screen: It simulates the inactive search phase of the IA process. It
contains information on both e-shopping and e-finance.
* Survey B: This survey captures the updated perception of the respondent after the
inactive search.
" Active Search Screen: This screen simulates the active search phase of the IA
process. At this stage the user can either choose to look for more information by
going through the three information-source sections (articles, advertisements or
word-of-mouth) or they can quit the information search. The user can return to the
active search screen from any of the information-source sections. Once the user
decides that he/she has enough information to make a decision, he/she can quit the
active search at any point (active screen page or the information-source page).
" Articles: This section is one of the three sources of information. It contains several
articles on the anticipated developments in e-shopping and e-finance as well as
web technologies in 2002.
" Advertisements: This section contains several print, video and web advertisements
of various companies involved in e-shopping and e-finance.
" Word of Mouth: This section contains opinions of people who have used e-
shopping and e-finance before. They describe their experiences and express their
views on the utility of these services.
" End of Information Search Screen: This screen indicates that the information
search is complete. The active search process allows the user to quit the search at
any point. This screen enables all the users to reach one common point before
they take the final survey.
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" Survey C: This is the final survey. It captures the updated perception of the user
after the information search is complete.
" End of the Simulation: This is the final screen, which contains information on the
contact address for comments and suggestions.
4.3 Software Tools
This section describes the various software tools that were used to develop the simulator.
The laboratory was developed such that it could run on most platforms (Windows,
Macintosh and Unix). The main programming language was HTML, and it was used to
create most of the files. The video files for the word-of-mouth section and advertisements
were created using Adobe Premiere. The video files were stored in the Quick Time
format, and can be read using a Quick Time Player which is available on the web site of
Apple Inc. (http://www.apple.com/quicktime).
The advertisements were created using two software packages: XV and Adobe
Photoshop. The web-surveys were designed such that the responses would be e-mailed in
text format to the data analyst. The e-mail would contain data on the questions in the
survey as well as user responses. This prototype was developed using only the most
essential tools, and it is expected that it will be enhanced in the future using Java applets
and CGI scripts that will make the laboratory visually more appealing.
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4.4 Surveys
As shown in the outline in Section 4.2, there are three surveys that the user responds to as
part of the simulation. The surveys collect data on user perceptions at different stages of
the information search. They also collect information on the travel activity and
telecommunications behavior before and after the Information Acceleration simulation.
The three surveys used in the laboratory are:
e Pre-Acceleration Survey called as Survey A
e Perceptions Survey called as Survey B
* Post-Accelerator Survey called as Survey C
4.4.1 Survey A: Pre-Acceleration Survey
The first survey collects Revealed Preference data on the individual's travel activity and
telecommunications behavior for a typical day. Respondents provide information on a
particular activity that they had engaged in the recent past and that was related to finance
or shopping. Data is also collected on personal and household characteristics, including
the availability of computers and e-commerce services. They are also asked about their
experience with e-commerce and the Internet, their travel preferences, and the way they
currently perform their shopping and financial activities. This survey collects data on the
initial perceptions of respondents, before they begin the information search.
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1. What is your nane?
2. Based on the information so far, how do you rate your knowledge of e-finance? (i forpoor and for excenent)
C
r 2
r 3
r 4
r 5
3. Based on the information so far, how do you rate your knowledge of e-shopping? (1 forpoor and 5 for excellent)
C
r 2
r 3
r 4
C 5
4. Are you interested m leaming more about these services? C Yes C No
5 Based on the information so far, would you like to use e-finance in 20027 C yes C No C Undecided
6. Based on the information so far, would you like to use e-shoppig in 2002? C Yes C No C Undecided
You may send your answers when done, or reset this fon lif you want to start over
DF e A Dot
Figure 4.2 A snapshot of Survey B as implemented in the prototype
E~1 c2~ I
4.4.2 Survey B: Perceptions Survey
The respondents take this survey after exiting the inactive search stage. The purpose of
this survey is to obtain information on how the respondents' knowledge and decision-
making change with the information search. Respondents provide information on their
understanding of e-shopping and e-finance at this stage. They also indicate if, at this
point, they have made a decision to use either of these services. These questions are again
asked at the end of the information search, and the responses of the user at the different
stages help in understanding the information search process. A snapshot of Survey B as
implemented in the prototype is shown in Figure 4.2.
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4.4.3 Survey C: Post-Accelerator Survey
After a respondent completes the information search process, he/she takes the final
survey, which is designed to understand the updated perceptions of respondents.
Respondents indicate which media and information sources they used to search for
information. They also provide information on their understanding of e-shopping and e-
finance after the information search, and state if they would now like to use either of
these services. This data is compared to that obtained from Survey B. Finally, the users
provide SP data on the changes in their travel behavior to perform the shopping/financial
activity as a result of e-commerce. Data is also collected on their willingness to pay, and
their anticipated utility of the time saved by using e-commerce. The respondents are also
allowed to express their opinions on the advantages and disadvantages of e-commerce.
4.5 Simulation of the Information Search
The search for information is divided into two stages - Inactive Search and Active
Search. This section provides details on these two stages as simulated in the prototype.
4.5.1 Inactive Search
In the real world, people may come across information on a certain product or service
without making an effort to do so. This is called information acquisition through inactive
search. This process is simulated in the prototype by displaying information on e-
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shopping and e-finance on the screen without any prompt from the user. The respondent
does not have a choice in terms of viewing the information, but has control over the
duration of time that he/she views the information. In the prototype, articles on e-
shopping and e-finance are presented to the respondent. These articles provide a brief
introduction to the anticipated features of e-shopping and e-finance in 2002 as well as to
the state-of-the-art technology available then. Users can browse through the articles for as
long as they wish to or may even choose to ignore them, but they at least take a glance at
the articles. This is similar to an article in the newspaper, where the choice to read the
article lies with the individual. A snapshot of the inactive search screen as implemented
in the prototype is shown in Figure 4.3.
Figure 4.3 Inactive Search as implemented in the prototype
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4.5.2 Active Search
In the active search stage, the respondents are actively pursuing information on the e-
service of their interest, and hence have control over the types of information sources to
view and the time spent on each of them. Thus, in active search, respondents have greater
control on the search process as compared to inactive search. They are given the option to
choose from any of the three information sources - articles, advertisements or word-of-
mouth, or to quit active search.
People have varied preferences for information sources due to their perceived quality and
reliability of these sources. Some prefer reading articles while others prefer to listen to
the opinions of those who have used the service before. Various information sources are
provided to cater to the tastes of a wide audience. Respondents can view any combination
of articles, advertisements and word-of-mouth videos that they may find useful. At every
stage of the active search, respondents are given the option of quitting the search, if they
have collected enough information to make a decision. A snapshot of the active search
screen as seen in the prototype is shown in Figure 4.4.
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Thank you For your answers.
We have given you a brief introduction to e-shoppmg and e-finance in 2002. Now you can look for detaled information on these services. The information is
provided using video files, media prnt advertisements and text articles. You can look around for as much information, for as long as you want, or leave right away.
At this stage you have four options. You can
1) Read rewspaper articles telling you about the recent developments in e-shopping and e-fnance. To see the articles click here
2) See advertisements informing you of new products and services which reflect the growing facilities that e-commerce provides in 2002. To see the advertisements
click here
3) View word-of-mouth opios of customers who have already used e-finance and e-shopping in 2002. They tell you about their experiences and their feedback
on these services. To see this section click here
4) Leave. To stop looking for information click here
Figure 4.4 Active Search as implemented in the prototype
4.6 Simulation of Information Sources
This section discusses the various sources of information on e-shopping and e-finance
that were provided to the respondents. The information sources most commonly used by
people to research products were used, such as newspaper and web articles, print, web
and television advertisements, and word-of-mouth videos. These are believed to be the
primary sources of information expected to be available in the real market. People have
different preferences in terms of the media to search for information, and hence the
information is provided using different media, such as print, video and pictures. The
laboratory has three main sources of information:
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e Articles: The articles presented are those that are likely to be found in newspapers
or on web sites. They are approximately one page in length, tend to be simple, and
of the type found in newspapers. The eight articles presented in this section
illustrate various aspects of e-finance and e-shopping in the futuristic scenario.
The articles also cover the various developments in hardware and software
technology, which would enable and encourage more people to use e-commerce.
The articles do not propagate the use of e-finance or e-shopping, but simply
present facts, and let the respondents form their own opinions. Snapshots of the
list of articles and a sample article are shown in Figures 4.5 and 4.6, respectively.
* Advertisements: This section contains advertisements of various companies,
which offer diverse products and e-services in the area of e-shopping and e-
finance. There are six advertisements related to e-shopping from companies as
diverse as American Express to the e-shopping giant Yahoo!. There are seven
advertisements on e-finance, which cover the various sectors of finance like
insurance, online brokerage, banking, etc. Advertisements from companies like
Prudential and Fidelity Investments are included. Most of the advertisements are
from magazines and the web. Disclaimers were clearly placed on the web site to
state that the materials used were only for research and not for any commercial
purposes. There are two video advertisements, which are stored as Quick Time
video files. The purpose of using specific names of companies was merely to
improve the realism of the information provided and had nothing to do with the
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author's preference for these companies. Figures 4.7 and 4.8 show snapshots of
the list of advertisements and a sample advertisement respectively.
Word-of-Mouth (Conversations with people): This section contains 45-second to
one-minute long video clips of conversations with a few people on their
experiences (both positive and negative) with e-finance and e-shopping services.
This is an important information source as many people make their decisions
based on recommendations from other people. The experience of these critics
with e-shopping and e-finance is presented, along with their rating of the e-service
on a scale of one to five. Negative feedback on e-commerce is also included to
simulate the real market, where some people may be dissatisfied with e-
commerce. There are three opinions on e-shopping and four opinions on e-
finance, with one negative opinion on each. Figures 4.9 and 4.10 show snapshots
of video recordings of the word-of-mouth conversations.
4.7 Applications
This chapter described the application of the web-based laboratory only to collecting data
on the impact of e-commerce. The prototype outlined the structure of the laboratory and
its key features. However, the laboratory can easily be adapted to suit the needs of the
surveyor. The laboratory can be extended to study the impact of other e-commerce
services like e-health, e-education or e-government. It can be adapted to study the impact
of other telecommunications services, like telecommuting and tele-work, on travel
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behavior. It can also be used to study the potential response to a new transportation-
related product or service, or to gauge the response to a change in an existing service.
Thus, flexibility of the laboratory makes it possible to get travel behavior responses to
various transportation related issues in a short time frame, effectively and economically.
4.8 Summary
This chapter presented the prototype of the web-based laboratory and illustrated its
various features and components. The prototype was used to collect preliminary data to
pre-test the laboratory. The next chapter describes the data collected from the preliminary
analysis and analyzes it to gauge the utility of the laboratory.
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AR #1
The Websites are alot morersoal
Tse web sites try to make e-shopping a very personal and enjoyable experience. fartcle1
AR #2
Now you can do E-Commerce in 3-D
Online Slopping has come alive and you can now view merchandise from different sides [article1
AR #3
Inrrvements in B-Commerce trends
Businesses have changed the way they do e-commere, to attract those people who did not find e-commerce to be an atractive option earlier. [asice1
AR #4
E-Commerce is mobile
Back in 1999, e-commerce was restricted to PCs and laptops, however, the whole new breed of mobile web-enabled devices lets you do e-shopping and
e-fnance just about anywhere Il [ tcl1
AR #5
The Human side to a Comouter
New technologies allow you to interact with computers much the same way you do with humans, making computing a more natural experience.farticle
AR #6
Get ready for the next big WB
The fnancial markets are seemingly Amtless and an increasing number of web sites are trying to tap into this market, article1
AR #7
The way to do business is Intelligent E-Business
More and more companes are trrng to do their e-business itelhgenti. E-shopping and E-finance are getting a new look with intelligence. (article1
Figure 4.5 The screen with the list of articles
Netscape..
E-Commerce is mobile
Back in 1.999, e-commerce was restricted to PCs and laptops, however, the whole new breed of mobile web-enabled devices let you do e-shopping and
e-fnance just about anywhere lI
Strategies for wireless access to the Internet continue to grow like gangbusters, with a slew of new technology giants joining in the fray. The number of Internet
enabled hand-held computers in use in 2003 is estimated to be 12 million whereas there were only 1.1 million browser enabled phones in 1999. This improved
technology has made the use of e-shopping and e-finance very convenient.
The development of the Wireless Application Protocol (WAP) allows anyone with an internet enabled or smart wireless phone to access the Internet. Not only can
one receive information on the mobile devices but one can also make reservations, buy stocks or buy merchandise at the click of a button.
Fig 4.1 One ofthe mobile Intemet devices being developed by Ericsson.
Several companies have integrated different portable devices into one single device. So your personal handset contains the wireless telephone, the PDA, the pager
and the Internet browser in the same istrument. The development of Wireless Internet services enables you to perform transactions through these devices cheaply
seMP Documat Don4 L-;;.. <
Figure 4.6 A sample article
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Figure 4.7 The screen showing the list of advertisements
NetscpeW
Figure 4.8 A sample advertisement
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I NtscapeRD
Figure 4.9 The screen listing the word-of-mouth conversations
67
Fg r 4..As.. i. -u in Q T f
Figure 4.10 A sample video file running in Quick Time format
F Net-,qpe
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Chapter 5
Data Collection and Preliminary Analysis
The prototype of the web-based laboratory was used to conduct a preliminary analysis
survey to understand the response of subjects to this laboratory. Even though the
prototype is only an abridged and less sophisticated version of the proposed data-
collection tool, it incorporates most of the key features of the laboratory. Hence, an
analysis of the responses to the prototype would be useful in developing a comprehensive
web-based laboratory. This chapter discusses the preliminary analysis conducted using
the prototype to collect data, presents a brief analysis of the data, and analyzes the
effectiveness of the prototype in simulating information search in a realistic manner.
5.1 Description of the Preliminary Analysis
The preliminary analysis was used to obtain data from a small sample of twenty-five
respondents on the anticipated impact of e-commerce (e-shopping and e-finance) on their
travel behavior, under a realistic future scenario (in 2002). The purpose of the preliminary
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analysis was to get a general idea of how subjects react to the simulation process, to
receive feedback on the laboratory, and to observe if the information search process and
the data obtained are realistic and intuitive. The aim of the preliminary analysis was not
to estimate or develop models, but to obtain data that would allow further development of
the laboratory and to demonstrate its applicability. The results of the preliminary analysis
were also useful in analyzing the effectiveness of Information Acceleration as a realistic
information search simulation technique. Data was collected on the information search
characteristics of the respondents, the progress of their knowledge on e-commerce
through the simulation, and the impact of the updated knowledge on their decision
process.
Data was collected on the initial perceptions of the respondents, including their personal
characteristics, attitudes, travel characteristics and telecommunications usage. At the
beginning of the simulation (Survey A), the respondents were asked to provide Revealed
Preference data on a shopping or financial activity that they had performed recently. At
the end of the simulation (Survey C), they were asked to provide Stated Preference data
on whether they would like to replace travel with e-commerce to perform that activity.
Information was also collected on their willingness to pay for e-services, and their
opinion on the advantages and disadvantages of e-commerce.
The prototype essentially uses three surveys at different stages of the simulation (Survey
A, Survey B and Survey C, as described in Chapter 4) to elicit responses from the
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subjects. The remaining sections of this chapter present and analyze the data collected
from these three surveys.
5.2 Initial Perceptions
The initial perceptions of respondents at the beginning of the simulation are defined by
their personal characteristics, travel and telecommunications characteristics, attitudes,
travel preferences, and experience with e-commerce and Information Technology. As
already stated, a sample size of twenty-five was chosen for the pre-test of the prototype.
A convenient sample comprising mostly of students was chosen, hence the respondents
were young, well educated and computer literate. The respondents in the sample had a
greater initial knowledge of e-shopping and e-finance than an average consumer.
However, the aim of the prototype was only to analyze the response of subjects to the
Information Acceleration simulation process and to get constructive feedback on the
laboratory. It is for this reason that the presence of a possible bias was not a significant
issue. On the other hand, data collected from the completed laboratory should address the
sampling issues in order to correctly develop and estimate models for predicting travel
behavior.
Survey A collects data on the initial perceptions of respondents. Table 5.1 shows the
average characteristics of the sample in the pre-test. The sample had a high degree of
computer ownership and many of them were already familiar with e-commerce. 56% of
the sample owned a Personal Computer and 64% of them have had some experience with
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e-commerce. Their experience could have been with any aspect of e-commerce, not
necessarily restricted to the usage of e-shopping or e-finance (for example e-health, e-
entertainment, etc). An important statistic was that 32% of the respondents did not like to
travel to perform shopping activities, and 52% felt the same way about financial
activities. This shows that a significant percentage of the sample was willing to travel for
shopping activities as compared to financial activities. This makes intuitive sense, as a
large number of people prefer traveling for their shopping activities so that they can see,
touch and feel the products (clothes, books, etc.) that they wish to purchase.
Characteristic
Number of respondents 25
Average age of the respondents 24.2
% of respondents who own a computer 56%
% of respondents with any experience with e-commerce 64%
% of respondents who mind traveling to do shopping 32%
% of respondents who mind traveling to manage finances 52%
Table 5.1 Average characteristics of the respondents
Figure 5.1 shows the income distribution and the transportation preferences of the
sample. A significant proportion of the sample belonged to the lower income group, as it
comprised mostly of students. Car and walk/bike were the most preferred modes of
travel. Figure 5.2 shows the various modes (travel, telephone, e-commerce) used by
respondents to perform their shopping and financial activities. While only 72% of the
sample used travel to perform their financial activities, everyone used travel for their
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shopping activities. Clearly, people preferred traveling to shop for certain products that
they wished to inspect before purchase.
Figure 5.1 Income distribution and travel preference of the sample
Figure 5.2 Current modes used to perform shopping/financial activities
Respondents were significantly more inclined to use telephone to perform their financial
activities as compared to shopping activities. Again, this could be attributed to the
"touch-and-feel" component, which is relatively more significant for shopping. Also,
tele-banking is far more developed and more widely prevalent than tele-shopping.
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Another interesting observation was that almost one-third of the respondents were already
using e-shopping and e-finance. Hence, these respondents are more likely to be open to e-
shopping and e-finance, as compared to people who had no experience with these
services.
5.3 Information Search Characteristics
The information sources that were provided to the respondents during the active search
process included articles, advertisements and word-of-mouth conversations. These
information sources were presented using different media: text, print advertisements and
video files. People have varied preferences for the type of media that they use to search
for information, depending on their background, education, lifestyle, etc. In the prototype,
all the respondents had complete access to all information provided. Of course, the
respondents had the freedom to choose the extent and source of information that they
wished to collect.
It was more realistic to present respondents with those information sources that they
would normally come across in real life. The information search characteristics of the
respondents readily help us observe their preferences. This would help design a more
realistic simulation of the search process in the future. This data could be utilized in the
future to dynamically allocate information sources to respondents based on their personal
preferences.
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Figure 5.3 Media used by the respondents to search for information
The respondents were asked to state all the media (video files, text in articles or print
advertisements) used by them to search for information. Figure 5.3 shows various media
that were used by the respondents in this simulation. 96% of the sample used information
from the text in the articles, while the corresponding figure was about 60% for video-files
and print advertisements. Articles in the simulator were the most popular media, as they
resembled newspapers articles, which people are very familiar with in normal life. Figure
5.4 shows the media that respondents preferred most to search for information. 72% of
the sample indicated that text in articles was their favorite media to collect information.
In the comprehensive laboratory, the allocation of the media sources provided to
respondents could be proportional to their popularity.
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Figure 5.4 Media used most (in terms of time spent) to search for information
So far, we had collected data on media sources that were used to search by respondents to
search for information. It is also important to understand the usefulness of the content of
the information sources, in terms of increasing their knowledge. For example, even
though respondents may have used articles to search for information, they may not have
found them to be useful in helping them increase their knowledge. If a high percentage of
the sample that used articles did not find them to be useful, then the articles were
probably not informative enough and would have to be modified.
Figure 5.5 Information sources that were useful
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(content) to the respondents
Media used most (time spent)
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EVIdeo files
[OT ext In crtildes
72%
Information sources found useful (content)
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Figure 5.5 shows all the information sources that were found to be useful to the
respondents (in terms of content) in helping them increase their knowledge on e-services
in 2002. A majority of the sample (80%) considered the articles to be useful in gathering
information on e-shopping and e-finance. Figure 5.6 shows the information sources that
respondents felt were the most useful in collecting information on e-shopping and e-
finance. 52% of the sample felt that articles were the most informative source, while 32%
and 16% considered word-of-mouth and advertisements respectively to be the best source
of information. An interesting observation was that even though only 20% of the sample
stated that they used video files the most in their information search, 32% found the
word-of-mouth section to be the most informative in terms of content. This could be due
to the fact that people associate a high degree of credibility to other people's comments
and/or recommendations on services and products.
Most useful information source (content)
3Artides
MAdertisements
52% OWordof mouth
16%
Figure 5.6 The most useful information source (content) for the respondents
In this prototype, the respondents were asked to state the details of their information
search process, at the end of the simulation. In the comprehensive web-based laboratory,
script programs could be placed on the web pages to detect all the pages visited by the
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respondents. This would allow us to automatically track the information search process of
the respondents without them having to explicitly state it. The data collected from this
section could be used to understand the preferences of users in searching for information
and their opinion on the utility of these sources. This could be useful in designing
information sources in the future in a more realistic manner.
5.4 Progression of Knowledge
The respondents acquired information on e-shopping and e-finance throughout the
simulator, which updated their knowledge of these services. In each of the three surveys,
the respondents were asked to state the level of their knowledge of e-shopping and e-
finance. The knowledge-index was measured on a scale of one to five, in ascending order,
with five standing for the highest level. The respondents stated their initial knowledge
level in Survey A. Later, they were then put through an inactive search process to update
their knowledge. The updated knowledge was measured in terms of the knowledge index
in Survey B. The respondents then actively searched for information and may have
further enhanced their knowledge of e-shopping and e-finance. The index in Survey C
captured the knowledge update and increased awareness during the active search process.
Figure 5.7 shows the progression of average knowledge of e-shopping and e-finance, at
different stages of the simulation process. The initial average knowledge index was 2.96
for both e-shopping and e-finance. The index was slightly high as compared to a more
representative sample, as most students today are already familiar with e-commerce.
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After the inactive and active search for information, the knowledge index increased (at
each of the stages). It was observed that on an average, the respondents gained far more
information on e-shopping than on e-finance in both the inactive search and active search
stages. It was also seen that the information gained at the active search stage was much
greater than that gained at the inactive search stage, for both e-shopping and e-finance.
This is realistic, as in most cases, inactive search just serves to generate interest in the
respondents who then go on to search for more information. The increase in knowledge
of both e-finance and e-shopping showed that the information sources were effective in
providing information on both these e-services.
Progression of knowledge
4.5
4.32
4.12
4-
3.5
3.2
3
2.5
Survey A Survey B Survey C
-+- E-Shopping -U"- E-Finance
Figure 5.7 Progression of knowledge through the simulation
Figure 5.7 shows the average progression of respondents' knowledge of the e-services at
different stages of the simulation process. Table 5.2 shows the percentage of respondents
who enhanced their knowledge at each stage. More people enhanced their knowledge in
the active search stage rather than in the inactive search stage for both e-shopping and e-
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finance. This underscores the importance of this laboratory a tool to collect data under
realistic scenarios. Inactive search may have provided some information on e-shopping
and e-finance, but it may not have significantly increased the level of knowledge. In a
realistic market, information collected from the inactive search stage is rarely enough to
make a decision. Normally, knowledge from the inactive search simply interests the
subject to look for more information. Hence, the observation that more information was
gained at the active search stage than the inactive search stage is realistic. The increase in
knowledge in a realistic manner allows the respondents to be aware of the futuristic
scenario and helps them make an informed decision.
E-Shopping E-Finance
After inactive search (Survey A to Survey B) 32% 24%
After active search (Survey B to Survey C) 60% 72%
Table 5.2 Percentage of people whose knowledge increased after inactive and active search
5.5 Usage Intent
The respondents were asked at different stages of the simulation about their usage intent
- if they would like to use e-shopping or e-finance in 2002. This intent was not
necessarily related to the activity that they had described, but on these e-services (e-
shopping or e-finance) in general. The respondents were initially asked if they were
currently using e-shopping and e-finance. 36% of the respondents stated that they were
currently using e-shopping, while 32% said the same about e-finance. This information
was useful in analyzing the responses to questions regarding usage intent in Survey B and
80
Survey C, because those respondents who were currently using e-commerce would most
likely want to use it in 2002 as well.
Figure 5.8 Stated intention of usage of e-finance and e-shopping after inactive search
After the inactive search stage, the respondents were asked if they would like to use e-
shopping and e-finance in 2002. Figure 5.8 shows the response of the subjects at the end
of inactive search. At this stage, most of the respondents were not sure if they would use
the e-services. This was a realistic observation, as many people were unable to make a
decision based on the information collected from inactive search. Inactive search merely
aroused an interest in the respondent to look for more information. In this survey, all
respondents wished to seek more information after the inactive search. This is not always
true; some people may not care for more information and may wish to quit the
information search at this stage. However, as most of the respondents were students, and
e-commerce is very popular among them, all the respondents wished to actively search
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for more information. This underlines the need to use a more representative sample to
collect unbiased data.
Figure 5.9 Stated intention of usage of e-finance and e-shopping after active search
Figure 5.9 shows the usage intent of the respondents after the active search stage. A
majority of the respondents stated that they were interested in using e-shopping and e-
finance. 80% of the sample wished to use e-finance in 2002 as compared to the 32% who
were currently using e-finance. Similarly, 68% of the people stated that they would like
to use e-shopping as compared to the 36% of the people who use it today. This further
validates the hypothesis that e-commerce will become a greater part of people's lives in
the future. As the awareness of and infrastructure for e-commerce increase, a greater
fraction of people will be using it in the future as compared to the present. The percentage
of the sample that were still undecided at the end of the active search was very small,
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hence it can be inferred that the information provided was sufficient for most people to
make a decision.
5.6 Activity Analysis
The data collected from the web-based laboratory will be used to estimate the combined
travel and telecommunications model. As already explained, the Day Activity Schedule
Model structure was chosen to be the most appropriate system for the combined model.
In the combined model, details of various activities conducted throughout a day would be
recorded. In this prototype, only a single activity is considered. The survey questionnaire
that is used in the prototype can easily be extended to include and link various activities
and trips throughout the day.
In the prototype, respondents were initially asked to provide information on a shopping or
finance-related activity that they had performed in the recent past. These questions were
asked as part of Survey A. After the completion of information search, the respondents
were asked in Survey C if they would like to use e-shopping or e-finance instead of travel
to perform the stated activity. They also provided Stated Preference data on their
willingness to pay, their anticipated utility of the time saved by using e-commerce, and
their opinion on the advantages and disadvantages of e-commerce.
83
Table 5.3 Break-up of activities performed by the respondents
Table 5.3 lists the various activities that were reported by the respondents in the
preliminary analysis. It is clear that banking was the most common activity performed by
the respondents. In the preliminary analysis, there were five primary activities reported.
In the prototype, the choice set of the activities was not defined, so as to collect
information on the various activities that were performed by people. In the final version
of the web-based laboratory, the activity choice set could be restricted, as the response
may depend on the type of the activity. For example, people may want to use e-commerce
to buy computers, but may not use it for grocery shopping. Hence, the activities need to
be classified to facilitate more in-depth analysis.
Mode of transport % of respondents
Car 60%
Walk/ Bike 20%
Public Transportation 20%
Table 5.4 Modes of transport used to perform the activity
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Activity % of respondents
Banking 40%
Shopping for clothes 20%
Shopping for electronics 20%
Shopping for books 12%
Shopping for groceries 8%
Table 5.5 Type of trip associated with the activity
In Survey A, all the respondents described activities that were performed by traveling.
Table 5.4 shows various transportation modes used to perform the activity, and Table 5.5
lists the trip type. The trip purpose is important in trip chaining, which is an important
part of the Day Activity Schedule Model (Ben-Akiva and Bowman, 1999). Table 5.6
shows the average characteristics of the various activities performed by the respondents.
46% of the respondents indicated that they did not like to travel to perform their
activities. These people would be more inclined to using e-services as compared to those
who did not mind traveling. Average travel expenditure was $5; however, the amount
ranged from $0 for those respondents who had walked, to $30 for those who had used a
taxi. The average travel time to perform the activities was 18.6 minutes; however, the
travel time ranged from 5 minutes to 60 minutes.
Characteristic
% of respondents who did not like to travel to perform their activity 46%
Average travel cost $5
Average travel time 18.6 min
% of the respondents who would like to use e-services instead of travel 68%
Average value of the willingness to pay for the e-services $20
Table 5.6 Average characteristics of the activity performed by the respondents
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Trip-type % of respondents
Work-related 36%
To perform the stated activity 52%
To perform other activities as well 12%
After the information search was completed, respondents indicated in Survey C if they
would like to use e-services to replace travel in performing the activity. 68% of the
respondents in the preliminary analysis indicated that they would like to perform their
activity using e-shopping or e-finance. As everyone had earlier traveled to perform the
activity, this statistic showed that 68% of the sample had changed their travel patterns. It
validated the hypothesis that e-commerce will have a greater impact on travel behavior in
the future. Respondents also stated that they would be willing to pay an average of $20
per month for the e-services. The values ranged from $0 for those people who assumed
that the service would be free with the Internet, to $100 for those people who were
willing to pay a relatively high amount of money for better service.
The respondents were asked three questions to gauge their opinions on e-commerce.
Respondents who stated that they were willing to use e-services were asked to state how
they would utilize the time saved by using the services. Information on these activities is
needed for modeling the activities. People may use the time saved by using e-commerce
to visit friends. Thus it is important to collect information on the activities induced by the
time saved by using e-commerce. This information is used in the Day Activity Model,
where the activities for the whole day are modeled. In the prototype, details are not asked
about the derived activity. However, in the comprehensive laboratory, all the information
about the derived activity will be collected. The top three activities as stated by the
respondents were:
e Perform other useful work
* Get some sleep
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0 Indulge in social activities
The respondents were also asked to state their opinion on the advantages and
disadvantages of e-commerce. The top three advantages of e-commerce stated were:
" Reduced travel time and hassles
e Time savings
* Ability to perform activities more efficiently
The top three disadvantages of using e-commerce stated were:
" Security concerns over the Internet
* Desire to physically inspect certain goods before purchasing them
" Inclination to perform financial transactions in person or over the telephone
5.7 Modeling the Impact of E-commerce on Travel Behavior
So far in this chapter, the analysis has focused on the average characteristics of the data
collected using the prototype, and on the effectiveness of Information Acceleration in
simulating realistic information search on products and services. The aim of the prototype
was to analyze the response of the subjects to the web-based laboratory and to get
feedback that would be helpful in developing the final laboratory. However, the main aim
of the laboratory was to study the impact of e-commerce on travel behavior. Thus, the
analysis would be incomplete without a discussion of how the data collected from the
prototype can be used to estimate activity models as described in Chapter 2.
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As explained before, the Day Activity Schedule Model was considered to be the most
appropriate in utilizing the data to study the impact of e-commerce on travel. The model
is estimated using data from all the activities that are performed during the day by
individuals, including the time of the day when they are performed. The prototype is just
a simplified version of the proposed web-based laboratory, and hence the surveys
conducted were simple yet representative of the final surveys. Thus, data was collected
on one only activity (related to shopping or finance in this case), rather than all the
activities in a day. However, the survey can easily be extended to collect activity diaries
for the whole day by replicating the existing survey multiple times over.
The fundamental idea was to illustrate that in the future, e-commerce will establish itself
as an alternative to the traditional modes of travel like car, public transportation or bike,
in performing various activities. Thus, the discrete choices available to the user to
perform various activities would now include a new virtual mode, namely e-commerce.
Hence, the discrete choice models for each activity should contain new variables that
would model why certain people prefer to use e-commerce to travel. The traditional
discrete choice models would be extended to incorporate the mode of e-commerce and
the attributes that affect its choice.
In the prototype, e-commerce is offered as an alternative means to perform activities, in
addition to traditional modes like car, public transportation and walk/bike. Information is
collected on attributes that are likely to influence the choice between e-commerce and
travel. These include data on computer ownership, cost of using e-commerce, dislike of
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travel, experiences with e-commerce, etc. These variables are incorporated in the discrete
choice model, which earlier included only the traditional modes of travel. Thus, at the
lowest level, the activity behavior could be modeled by a Multinomial Logit (MNL) or
Nested Logit Model, with the choices being car, public transportation, walk/bike and e-
commerce. The possible model structures are shown in Figure 5.10 and 5.11.
It is important to state here that such a model would treat e-commerce and travel only as
substitutes. The choices are such that respondents would have to choose between e-
commerce and the travel alternatives. This model structure would have to be further
developed in order to incorporate the complementary aspects of the impact of e-
commerce on travel demand.
Figure 5.10 Nested Logit Model Structure
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Figure 5.11 MNL Model Structure
The data collected from the prototype was very simple and the sample size was only
twenty-five. Even though one either a MNL or a Nested Logit model structure might be
more appropriate to model the substitution impacts of e-commerce on travel behavior, the
data collected was not sufficient to estimate these models. Therefore, a Binary Logit
model was estimated from the data collected to illustrate how e-commerce could be
incorporated into existing activity models as an alternative to travel. Essentially, a
restricted model was estimated in which the various modes of travel were combined into
one choice (travel) and the various modes of e-commerce into one (e-com), resulting in a
binary choice model. However, with sufficient data, an MNL with four alternatives (car,
public transportation, walk/bike and e-commerce) or a Nested Logit model could have
been estimated.
The variables used in estimating the binary choice model are shown in Table 5.7.
Variables like ownscomp, mindtravel, and ecost capture the factors that will most
likely influence the respondents in choosing e-commerce.
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Variable Description
One For the alternate-specific constant (value = 1)
Choice Choice variable
Time Travel time
Income Income of the respondents (1 - low income, 2 - mid income, 3 - high income)
Gender Gender (1 - male, 0 - female)
owncomp If the respondent owned a computer (1 - yes, 0 - no)
mindtravel If the respondent minded travel to perform the activity (1 - yes, 0 - no)
t_cost Travel Cost ($)
e_cost Cost of using e-commerce ($) [Willingness to pay]
Table 5.7 Variables used in estimating the binary choice model
The binary choice model that was estimated is shown below.
e_com = bI *one + b2 *own-comp + b3 *mindtravel + b4 *log (e-cost)
travel = b5*gender + b6*income + b7*time + b8*log (tLcost)
The results of the binary choice model estimation are shown in Figure 5.8.
Coefficient Estimation T statistic
bl -6.348 -1.087
b2 4.921 0.761
b3 0.147 1.579
b4 -3.607 -1.784
b5 1.147 0.374
b6 0.331 0.201
b7 -0.115 -1.006
b8 -0.723 -0.912
p2 0.646
2 0.609
Table 5.8 Estimation Results
91
As the sample was very small, most of the coefficients were not significant within a 95%
confidence interval. However, the estimation results did provide some insight into the
impact of e-commerce on travel. The positive sign of the coefficient corresponding to
own-comp (b2) showed that people who owned computers were more likely to use e-
commerce instead of travel. Similarly, people who minded travel were more inclined to e-
commerce than travel. The disutility of the cost variable was greater for e-commerce as
compared to travel. This could be because people identified the web with cheaper rates,
and hence were less willing to pay for e-commerce as compared to travel. The results also
showed that for this sample, men were more inclined to travel as compared to women.
This small example showed how the data from the laboratory could be used to estimate
the impact of e-commerce on travel behavior. As stated, the sample was too small, and
the survey questions too limited to estimate the Day Activity Schedule Model. However,
the prototype can easily be extended to estimate the above model. The web-based
laboratory can be used to collect information on activity diaries for an entire day,
including the time of day when the activity was performed. The prototype already
collects all the information on a single activity including begin time, end time and trip
purpose. This information can be used to link the various activities based on the time of
the day, to estimate the Day Activity Schedule Model. Hence, although the prototype
does not collect enough information to estimate the Day Activity Schedule Model, it can
easily be extended to collect data that could be used to estimate the above model.
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5.8 Summary
This chapter described the preliminary analysis that was conducted to analyze the
responses to the prototype. The results from the analysis of the preliminary data were
promising. The respondents displayed varying search characteristics based on their
background, interests and needs. The information sources provided enhanced the
knowledge of the respondents and were sufficient for a majority of the sample to reach a
decision. The increments of knowledge in both the active and inactive search stages were
significant. Further, respondents gained more knowledge during active search for
information as compared to inactive search. This behavior is very realistic and hence
underlines the advantage of using Information Acceleration as compared to traditional SP
surveys. The Information Acceleration simulation process was sensitive enough to allow
respondents to distinguish between e-finance and e-shopping. The gain in knowledge,
usage intent, and other stated responses from the subjects were significantly different for
e-finance and e-shopping.
The results also validated the widely held belief that e-commerce will significantly
impact travel behavior in the future. A majority of the respondents stated that they would
like to use e-commerce instead of travel to perform their shopping/financial activity.
Even though the data was not sufficient to draw any significant conclusions, it underlined
the need to further study the potential impacts of e-commerce on travel behavior using
the Information Acceleration technique.
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Chapter 6
Conclusions and Future Directions
6.1 Summary and Research Findings
This research was concerned with the development of the prototype of a web-based
laboratory of travel and telecommunications behavior, in order to study the impact of e-
commerce on travel behavior. The thesis proposed a framework for modeling travel and
telecommunications behavior, and described the manner in which the Day Activity
Schedule Model can be adapted to develop the combined travel and telecommunications
model. The concept of Information Acceleration and its advantages over traditional
Stated Preference methods in collecting realistic data are explained. The prototype of the
web-based laboratory was developed using the idea of Information Acceleration that was
used to collect data on the impact of e-shopping and e-finance on travel behavior in 2002.
A small sample of respondents was used to conduct a preliminary analysis of the
responses to the prototype. The key findings of the thesis are explained in this section.
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The research was motivated by the increasing concern over the potential impact of e-
commerce on travel behavior in the future. The results of the preliminary analysis
validated the hypothesis that most people would prefer to use e-commerce instead of
travel to perform their activities in the future. In the pre-test, 68% of the respondents were
willing to use e-commerce instead of travel in 2002 to perform the activity that they had
stated at the beginning of the simulation. 80% of the sample indicated that they would be
interested in using e-shopping in general in 2002, whereas 68% of the sample stated the
same about e-finance. This statistic was significant as only about 30% of the sample were
currently using e-shopping and e-finance. Even though the sample was too small to draw
any definite conclusions, the results clearly underlined the fact that e-commerce will have
a significant impact on travel behavior in the future. Thus, a data collection tool like the
proposed web-based laboratory is needed to study the effects of e-commerce on travel
behavior.
The sample used in the preliminary analysis was too small and the questionnaires in the
prototype too restricted to estimate the Day Activity Schedule Model. However, it was
explained how the prototype could easily be extended to collect data on activities
throughout the day, and how the data could be used to develop the Day Activity Schedule
Model. A small binary model was estimated to identify new variables that could be added
into the existing choice models, to capture the attributes, which cause people to choose e-
commerce instead of travel to perform their activities. The thesis clearly outlined the
methodology required to model the impact of e-commerce on travel behavior and how the
web-based laboratory could be used to collect data to estimate the model.
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The web-based laboratory used the technique of Information Acceleration to simulate the
information search process. The results of the preliminary analysis showed how the
laboratory was able to realistically simulate the information search process, which made
this approach superior to the traditional SP approach. Some of the important results that
illustrated this point were:
e The respondents displayed different information search characteristics, resulting
in a high variance of knowledge among the respondents. In traditional SP
surveys, the respondents have a fixed amount of information available to them
leading to a small variance of knowledge among the sample.
e The varying yet realistic degree of usage of the three information sources was
indicative of the diversity in preferences of the respondents in searching for
information. The respondents had the option of collecting information from the
media that they identified with. The variety of media (articles, advertisements,
word of mouth) used to present information to the respondents made this
laboratory superior to SP surveys, where most of the information is provided on
paper. People are more inclined to be attracted to visually appealing media such
as pictures or videos, as compared to long drawn information on paper. In real
life, people collect information through a wide variety of media, and the
laboratory tries to simulate these media, which is not possible in a traditional pen
and paper SP survey.
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* The results of the preliminary analysis showed that the respondents could relate
to a futuristic scenario based in 2002. This could partly be attributed to the
visually appealing media that were used in the laboratory to provide information
on the future. It is likely that respondents may not have reacted in the same
positive manner to a traditional SP survey where all the information would be on
paper. For example, it would not be possible to simulate an e-finance web site or
to depict word of mouth videos in a traditional SP survey, whereas it is possible
to do the same in the web-based laboratory.
e The ability of the Information Acceleration process to simulate real life search
processes (active and inactive search) makes it far superior to SP methods.
Traditional SP surveys make no such attempt to model active and inactive search.
All the information is just provided to the respondents. People's behavior during
inactive and active search is realistically simulated in the laboratory. In a real life
scenario, people gain some information about a product or service during inactive
search. They then go about actively searching for information only if they are
interested in the product or service. Hence, the knowledge gained during the
inactive search stage is relatively lesser than the knowledge gained during the
active search stage. Also, the knowledge gained during the inactive search stage
is rarely enough to result in a purchase decision. Most people decide whether to
purchase/use a product only during the active search stage. These two behaviors
were validated by the results obtained from the preliminary analysis.
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" SP surveys are often very expensive and time consuming. As the prototype of the
web-based laboratory was developed using software tools, and data was collected
over the Internet, the process was relatively inexpensive and quick. SP surveys
normally have to be printed and mailed to the respondents resulting in a very
cumbersome process. Here, the data was collected by sending the location of the
web site to all the respondents. Once the web site is ready, the location can be
sent to as many respondents as possible, because there is no additional cost
involved, unlike the traditional paper surveys. This could result in a higher
number of responses as compared to paper surveys.
" The Information Acceleration simulation process was validated by the fact that
respondents could distinguish between the three information sources (articles,
advertisements and word of mouth) and the two services (e-shopping and e-
finance).
6.2 Directions for Future Research
The thesis presented the framework of the combined travel and telecommunications
model, and described the prototype of the web-based laboratory that would be used to
collect data to estimate the above model. The promising results obtained from the
preliminary analysis using the prototype were a step in the right direction in developing
the multimedia web-based laboratory of travel and telecommunications behavior. Some
of the directions that future research in this area can take are:
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a) Further enhancement of the laboratory and extension of the surveys: The
features incorporated in the prototype would have to be further enhanced for the
development of the web-based laboratory:
" Rather than respondents having to state the details of their information search,
the laboratory should be able to track the various information sources that were
visited by the respondents and thus detect their information search pattern. Also,
information sources can be presented dynamically to the respondents based on
their personal characteristics and preferences.
" The time spent in searching for information was not constrained in the prototype.
However, in the web-based laboratory the time spent in inactive and active
search must be constrained and should also be recorded. Information on the
amount of time spent on each information source will help us better understand
the information search behavior.
" A multimedia representation of the product/service can be provided so that
respondents could get some simulated experience of the product/service before
deciding on whether to purchase/use it or not. For example, a simulated web site
of an e-finance company in 2002 could be provided, where the respondent could
log on and perform a few transactions. This would help respondents have a first-
hand look at the range of services being offered by the company and help them
make a better decision.
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e The questions asked in the surveys in the prototype were simple and the
respondents were asked to provide information on a single activity alone.
However, to develop activity-based models, detailed survey questionnaires must
be designed, and activity diaries for at least a day or two must be collected.
* The programming used in the prototype was simple. The appearance and
features of the laboratory could be greatly improved with the use of scripts and
applets. Highly sophisticated multimedia tools could also improve the features of
the web-based laboratory and could provide a simulation experience for the
respondents that would be very close to the real world.
b) Sampling of respondents: The respondents in the preliminary analysis were from a
convenient sample comprising mostly of students. This resulted in a bias in the data that
was collected. When data is collected using the comprehensive web-based laboratory,
sampling issues will have to be considered, if the data has be used to estimate the
combined model.
c) Wider application: The web-based laboratory will form a part of a new generation of
data collection tools to collect data on travel behavior effectively and economically. The
flexible and open environment provided by the laboratory will allow it to be adapted by
transportation researchers to suit their needs. Hence, one of the challenges for future
research would be to test the laboratory for different transportation applications.
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d) Validity of the web-based laboratory: The laboratory needs to be validated using a
larger sample, as most of the responses at the end of the simulation were stated intentions
and not actual behavior. Even though the initial validation tests conducted by Urban et al.
(1997) were very positive, the validity of the laboratory must be tested in the future using
Revealed Preference data.
e) Develop activity-based models to study the impact of e-commerce on travel: The
aim of the laboratory is to collect data to estimate the comprehensive travel and
telecommunications behavior model. On completion of the web-based laboratory,
activity-based models will have to be developed and estimated using the data from the
laboratory.
f) E-commerce and travel - substitutes or complements? One of the significant areas
of interest is whether e-commerce and travel are substitutes or complements. In this
research, the respondents choose between travel and e-commerce to perform their
activities, thus treating them as substitutes. However, there is a likely scenario that people
may use e-commerce to look for information on products that they may not know much
about, which might induce them to travel to buy the product. In this case, the use of e-
commerce has led to increased travel, and hence e-commerce and travel act as
complements. This behavior can be modeled by using the laboratory to collect data on not
only the modes (travel modes or e-commerce) used to perform the activity, but also to
collect data on how information on the product was obtained. If the data indicates that a
significant number of people were using e-commerce to only search for information
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before traveling to purchase products, then it would indicate that e-commerce and travel
act as complements as well. In short, there is a need to develop models that will measure
the degree of substitution and complementarity of e-commerce and travel, and the web-
based laboratory can easily be used to collect the required data.
Data also needs to be collected on the activities that are induced by the time saved by
using e-commerce. It is very likely that someone may use the time saved from one
shopping trip to make three or trips to visit their friends or to perform other activities that
may need travel. Even in this case, the use of e-commerce would lead to increased
amount of travel. Thus, the data collected on the other activities performed during the
time saved using e-commerce, would also help us understand if e-commerce and travel
are complements or substitutes.
g) Analysis of the supply side: The analysis that was performed considered the impact
of e-commerce on the travel patterns of the users. However, it is also important to include
the characteristics of the suppliers and their travel demand. Even though people may not
be traveling to purchase their goods, the delivery of goods to their households may lead
to increased travel for the suppliers. To understand the impact of e-commerce on travel
behavior it is not sufficient to analyze the travel demand of the users (demand side), but
also that of the producers, distributors, etc. (supply side).
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